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(54) COLOR LIQUID CRYSTAL DISPLAY DEVICE IN FIELD SEQUENTIAL DRIVE SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To significantly reduce 
power consumed by a backlight by selecting a pixel 
having maximum permeability for each color in one field 
period for constituting one image, controlling the 
gradation of the backlight by setting a brightness signal 
for this picture element to 100%, and correcting 
permeability of each pixel of a liquid crystal. 
SOLUTION: A selecting/correcting circuit 14 for field 
maximum brightness comprises a calculating portion and 
I/O and reads a maximum brightness signal (0-255 
gradations) of each color from an image memory 12. A 
pixel, having maximum permeability is selected in 
relation to each color in a single field period for 
constituting one image, and gradation of the back light is 

controlled by setting a brightness signal for this pixel to 100%. This gradation control output is 
outputted to a three-color RGB backlight control circuit 16. Following such gradation control of 
the backlight, permeability of each pixel of a liquid crystal is corrected, corresponding to the 
control in order to provide a prescribed brightness and is written in an image memory 15. 
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(54) COLOR LIQUID CRYSTAL DISPLAY DEVICE IN HELD SEQUENTIAL DRIVE 
SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To significantly 
reduce power consumed by a backlight by 
selecting a pixel having maximum permeability 
for each color in one field period for constituting 
one image, controlling the gradation of the 
backlight by setting a brightness signal for this 
picture element to 100%, and correcting 
permeability of each pixel of a liquid crystal. 
SOLUTION: A selecting/correcting circuit 14 for 
field maximum brightness comprises a calculating 
portion and I/O and reads a maximum brightness 
signal (0-255 gradations) of each color from an 
image memory 12. A pixel, having maximum 
permeability is selected in relation to each color 
in a single field period for constituting one image, 
and gradation of the back light is controlled by 
setting a brightness signal for this pixel to 100%. This gradation control output is 
outputted to a three-color RGB backlight control circuit 16. Following such gradation 
control of the backlight, permeability of each pixel of a liquid crystal is corrected, 
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corresponding to the control in order to provide a prescribed brightness and is written 
in an image memory 15. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal panel which has two or more pixels, and the back light of 
three colors of each plurality which irradiate said pixel are provided. In the field 
sequential drive method color liquid crystal display which displays a color picture on 
said liquid crystal panel by switching the back light of these three colors to time series 
one by one, and irradiating it The pixel of the maximum permeability about each color 
within 1 field period which constitutes the image of one sheet is chosen. The field 
sequential drive method color liquid crystal display characterized by amending the 




permeability of each pixel of liquid crystal while carrying out gradation control of said 
back light, using the luminance signal over this pixel as 100%. 

[Claim 2] Said gradation control of said back light is equipment according to claim 1 
performed by controlling the lighting time amount and/or the illuminance of a back 
light. 



[Translation done.] 
* NOTICES * 
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l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the field sequential drive 
method color liquid crystal display which displays a color picture about a color liquid 
crystal display, without using a color filter. 
[0002] 

[Description of the Prior Art] There is a field sequential drive method as a color liquid 
crystal display with an unnecessary color filter. This is the liquid crystal display equipped 
with the control circuit which makes the picture signal of light which corresponds while 
controlling a liquid crystal panel and synchronizing with the luminescence timing of each 
color illumination light write in a pixel while it controls a back light and changes the 
illumination light one by one within 1 field period which constitutes the image of one 
sheet among 3 colors ((G) red who is the three primary colors (R), green blue (B)). The 
back light by which the conventional announcement is made has some which used the 
fluorescence tubing method, the LED printer, and the electroluminescent element. As a 
back light control system, he is (Red R) -> green (G) -> (blue B) -> red (R) within 1 field 
period... In order, respectively Predetermined time, It is the method which switches three 
colors to time series one by one so that lighting may be turned on. the method which 
gradation control of each color is synchronized with lighting of a back light, and controls 
the permeability of liquid crystal for every pixel is taken (JP,6*110033,A --) JP,9-325317,A, 
JP,1-217419,A, the Patent Publication Heisei No. 504416 [ five to ] official report, 
JP,61-281692,A. 

[0003] A current prototype is announced and, as for the color liquid crystal display using 
this method, development is furthered towards utilization. Moreover, the thing of a 
projection form using DMD (Digital Micromirror Device) as a electrochromatic display 
using a field sequential drive method is already marketed from several companies. 
[0004] Since the features of this method can display red, green, and the blue three 
primary colors by 1 pixel not using a color filter, they can obtain equivalent resolution 
with the number of pixels of 1/3 compared with the liquid crystal display which used the 
color filter. Moreover, in order not to use a color filter, the permeability of a back light 
increases in 3 or more times. 



[0005] Therefore, since one 3 times the high resolution of this is obtained compared with 
the method using a color filter by the same manufacturing technology as that a color filter 
becomes unnecessary, that the number of liquid crystal drive circuits drops to 1/3, and 
monochrome display liquid crystal display panel, that manufacture is easy etc. can 
manufacture a color liquid crystal display cheaply. 
[0006] 

[Problem(s) to be Solved by the Invention] That for which the back light by which the 
conventional announcement is made used the fluorescence tubing method, the LED 
printer, and the electroluminescent element is announced for field sequential drive 
methods. As a control system of a back light, it is the method which switches red, green, 
and the blue three primary colors to time series one by one, and the method with which 
gradation control of each color controls the permeability of liquid crystal for every pixel is 
taken. In the case of a green display, in this back light control system, the light was 
switched on to time series similarly green [ the back light of red and blue ] at the full 
screen of a liquid crystal panel, for example, and all power required for lighting was 
useless. Or when the whole screen was displayed by halftone, even if the component of 
each color was 30%, each back light of red, green, and blue was always turned on with the 
fixed output 100%, and power required for lighting was useless. Especially the thing for 
which it has been a technical problem lightweigmVizing a dc-battery by lowering the 
power consumption of liquid crystal which occupies the abbreviation one half of power 
consumption in a portable color liquid crystal display, and power consumption by the back 
light is lessened is important. 

[0007] Therefore, the purpose of this invention is a field sequential drive method color 
liquid crystal display which displays a color picture, without using a color filter, and is 
offering the field sequential drive method color liquid crystal display with which the 
power consumption by the back light decreased intentionally as compared with 
conventional equipment. 
[0008] 

[Means for Solving the Problem] An invention-in-this-application person chooses 
wholeheartedly the pixel of the maximum permeability about each color within 1 field 
period which constitutes the image of one sheet as a result of research. By amending the 
permeability of each pixel of liquid crystal, while carrying out gradation control of said 
back light, using the luminance signal over this pixel as 100% The power consumption by 
useless lighting of the above-mentioned back light could be eliminated, by it, it hit on an 
idea for the power consumption by the back light to be decreased intentionally, and this 
invention was completed. 

[0009] Namely, this invention possesses the liquid crystal panel which has two or more 
pixels, and the back light of three colors of each plurality which irradiate said pixel. In 
the field sequential drive method color liquid crystal display which displays a color 
picture on said liquid crystal panel by switching the back light of these three colors to 
time series one by one, and irradiating it The pixel of the maximum permeability about 
each color within 1 field period which constitutes the image of one sheet is chosen. While 
carrying out gradation control of said back light, using the luminance signal over this 
pixel as 100%, the field sequential drive method color liquid crystal display characterized 
by amending the permeability of each pixel of liquid crystal is offered. 
[0010] 

[Embodiment of the Invention] The fundamental configuration of the color liquid crystal 
display of this invention is shown in drawing 1 . 1 is a back light for color displays with 
which a liquid crystal panel and 2 had been arranged to the pixel arrangement field of a 
liquid crystal panel 1, and 3 has been arranged at the tooth back of a liquid crystal panel 
1 in drawing 1 , is predetermined order about the red LED 4 who emits light in the three 
primary colors arranged by turns, green LED5, and blue LED 6, and is the red LED > 




green LED > blue LED-> red LED within 1 field period... It consists of back light 
mechanical components made to turn on in order, respectively. 7 is a transparency 
diffusion plate for being arranged between a liquid crystal panel 1 and a back light 3, and 
making light of a back light 3 into the uniform surface light source. In addition, this basic 
configuration is the same as that of conventional equipment. 

[0011] Drawing 2 expresses the block diagram of signal processing, and is equipped with a 
digital disposal circuit 11, image memories 12 and 15, the timing generator 13, the field 
maximum brightness selection amendment circuit 14 that is the description of this 
invention, the back light control circuit 16, and the liquid crystal panel drive circuit 17. 
These circuits constitute the control circuit of one as a whole, and control actuation of a 
liquid crystal panel 1 and a back light 3. 

[0012] That is, as shown in drawing 3 (timing chart of conventional equipment which does 
not include the field maximum brightness selection amendment circuit 14 explained in 
full detail later), while controlling a back light 3 and changing the illumination light 
among 3 colors one by one within 1 field period which constitutes the image of one sheet, 
the video signal of a color which corresponds while controlling a liquid crystal panel 1 and 
synchronizing with the luminescence timing of each color illumination light is made to 
write in a pixel. Specifically, a digital disposal circuit 11 decomposes the color video signal 
inputted from the outside according to each color of red, green, and blue. An image 
memory 12 records each color video signal for the 1 field. 

[0013] The maximum brightness selection amendment circuit 14 in a frame which is the 
description of this invention consists of the operation part and I/O which are shown in 
drawing 4 , chooses the maximum brightness of each color pixel in 1 field, and amends to 
the lighting time amount of a back light, and the permeability of liquid crystal (this is 
explained further in full detail later). Moreover, a timing generator 13 generates a switch 
of the writing to the ** image memories 12 and 15, and the control of ** liquid crystal 
panel drive circuit 17 and the luminescent color of the back light 1 through ** back light 
control circuit 16, control of** liquid crystal panel drive circuit 17, and each timing signal 
by reading. The back light control circuit 16 carries out motion control of the back light 3, 
and switches the luminescent color in order of red, green, and blue within 1 field period of 
an input video signal at high speed. At this time, the video signal according to the 
luminescent color of a back light 3 is read from an image memory 15 at high speed in the 
luminescence time amount of each color, and is written in a liquid crystal panel 1 through 
the liquid crystal panel drive circuit 17. In the above procedures, a sequential indication 
of the image of red, green, and blue is given within 1 field period at a liquid crystal panel 
1, and it is recognized by human being's eyes as a full color image. 

[0014] Next, actuation is explained, referring to the timing chart of drawing 3 . The data 
writing to all pixels is performed from the liquid crystal panel drive circuit of drawing 2 
in the pixel drawing time amount assigned to the scan electrode 18 and signal electrode 
19 of a monochrome liquid crystal panel of an active matrix less than 1/3 within 1 field 
period. Next, one amorous glance of a back light 3 is turned on through the back light 
control circuit 16. Next, two amorous glance and three amorous glance are turned on 
similarly, and a sequential indication of the three colors is given within 1 field period. 
[0015] Although back light fighting time amount was being fixed to the value set up 
beforehand as shown in the timing chart of drawing 3 , according to this example, to be 
shown in drawing 5 , the lighting time amount of a back light is set as necessary 
minimum, and it controls by the conventional method to make into max the permeability 
of the liquid crystal corresponding to the pixel which displays the maximum brightness in 
1 field. That is, if its attention is paid to red, in two or more pixels which constitute a 
certain color picture of one sheet, red transmission will make 100% the luminance signal 
over the pixel which is max, and will carry out gradation control of the back light. For 
example, since gradation control of the back light is carried out using as 100% the 




luminance signal which gives these 50% when the permeability concerned of the pixel 
whose permeability of the red in that image is max is 50%, the lighting time amount of a 
red back light turns into 50% of the conventional pixel drawing time amount. Similarly, 
since the transmission concerned of the pixel whose transmission of the red in the image 
is max is 0% in [ for example, the case like green 1 color ] when a certain color picture 
does not use red at all, a red back light is not turned on. On the other hand, since 
gradation control of the back light is carried out in this way, in order to give 
predetermined brightness, the permeability of liquid crystal is amended corresponding to 
it. That is, in the conventional control system, since the back light is always premised on 
100% of thing to do for lighting time amount lighting, when lighting time amount of a 
back light is shortened according to this invention, if the permeability of liquid crystal is 
not made that much high, predetermined brightness is not obtained. Amendment of such 
gradation control of a back light and the permeability of each pixel is performed by the 
field maximum brightness selection amendment circuit 14. 

[0016] The field maximum brightness selection amendment circuit 14 consists of 
operation part and I/O, from an image memory 12, reads the maximum luminance signal 
(zero to 255 gradation) of each color, and writes in the gradation (0-255) after all pixel 
amendment to the gradation control output (5 bits, 0 to 15 gradation) and image memory 
15 of a back light by the following operation expression as shown in drawing 4 . 
[0017] 

YR= (INT(Max (.. R (l l), R (n, m)))+l) / 16+lR'(l l) =INT (R (l l)*16-/YRR'(l 2) =INT (R 
(1 2)*167YR...R'(n, m) =INT (R (n, m)*16/YR [0018]))) Here, it is R (l l)... R (n, m) 
expresses the brightness (zero to 255 gradation) of the red pixel of the subject copy read 
from the image memory 12, and YR is the value which changed the maximum brightness 
of the red pixel of a subject copy into 16 gradation, and is connected to the control circuit 
of a red back light by 5;bit I/O. Moreover, R 1 (l l) ... R' (n, m) is the brightness (zero to 255 
gradation) of the red pixel after amendment, and is written in an image memory 15. Even 
if attached to green and blue, it is processed similarly one by one. 

[0019] In this example, although the illuminance of a back light was controlled by lighting 
time amount of LED, lighting time amount may be fixed, and the current or electrical 
potential difference passed to LED may adjust the quantity of light, or both may be 
combined. Moreover, as lighting, very few fluorescence tubing or electroluminescent 
elements of afterglow may be used. 

[0020] Moreover, although the combination of a personal computer and I/O has realized 
the field maximum brightness selection amendment circuit in this example, the 
above-mentioned field maximum brightness selection amendment circuit ofize [ it / 
custom-IO] is clear for this contractor. 
[0021] 

[Effect of the Invention] As mentioned above, as explained, manufacture of the color 
liquid crystal display of a power-saving mold is very attained by controlling the 
illuminance of a back light to necessary minimum by this invention. When 16 steps and 
gradation control of liquid crystal perform a general full color movie display in 256 steps 
as for gradation control of a back light, by the conventional method, the maximum 
brightness in 1 field is used at 60% - 80% to transmission 256 gradation of liquid crystal 
in many cases, and, as for the power-saving effectiveness of the back light by this 
invention, about 30% is expected. 
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